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METHOD FOR INCREASING A 
Field of the Invention 

5 The invention relates to mechanical engineering, in particular to blade machines for air 

injection, in particular to fans and air blowers, and also to blades of different propulsion 
devices (in helicopters, airplanes, etc.). 
Background of the Invention 

Known is a method for increasing a blade performance, consisting in producing blades 
10 in the form of a wing and mounting them around a rotor shaft while carrying out the suction 
of air in a blade shank (foot) region (blade section adjacent to the rotor shaft), draning-off said 
air to a leading edge zone of the blade, followed by blowing the air out along an upper surface 
of the blade (see US Patent No 6,203,269, IPC FOID 5/14, 20.03.2001). 

The present method allows reduction in separation of the air flow at the upper surface 
15 of the blade due to increase of the air flow velocity. However, the present method is 
ineffective which is connected with large energy expenditure for blowing air in along the 
blade surface. 

The closest to the invention in the technical essence and the result to be accomplished 
is a method for increasing a rotor blade performance, consisting in producing rotor blades in 
20 the form of a wing and radial mounting said blades around a rotor shaft, and carrying out the 
boundary layer suction on a blade surface on the opposite side with respect to the incoming air 
flow through a system of slotted holes (see Russian Federation Patent N2 2,002,087, IPC 
F02K 3/00, 30.10.1993). 

The disadvantage of the present method for increasing a rotor blade performance is 
25 that such a control of the boundary layer involves a complicated design and high energy 
expenditure for suction of the flow, which is associated with a large resistance of manifolds 
connecting the slotted holes to a low pressure source in the blade. 
. Summary of the Invention 

It is a technical problem to be solved by the present invention to increase a blade 
30 performance, including blades in an air supercharger or a propulsion device rotor, because of 
providing the without a break of flow of the air around blades produced in the form of a wing 
with a thick airfoil profile, and because of reducing the energy expenditure for controlling a 
boundary layer by means of the boundary layer suction from a blade surface on the opposite 
side with respect to the incoming air flow. 
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Said problem is solved by that, in a method for increasing a blade performance, there 
are the steps of producing a blade in the form of a wing, and on a side opposite to an incoming 
air flow; carrying out the boundary layer suction through a system of slotted holes, said blade 
being provided with a thick airfoil profile, the boundary layer suction being carried out 
5 through the system of the slotted holes embodied along the blade and into cavities embodied 
under said holes along the latter and provided with a central longitudinal hollow body in each 
cavity, said body forming an annular channel in each cavity to generate a vortex-like flow by 
the incoming air flow in said channel, carrying out the air suction from the cavity and central 
bodies through branch channels, and discharging air from the branch channels outside of the 
10 blade, wherein the flowing-off of the air flow along the cavities and along the blade is limited 
within the cavities by mounting partitions and on an external surface of the blade - by 
mounting ribs. 

Air can be removed from the branch channels by centrifugal forces and the pressure 
difference created in such a case between the blade shank and the blade end during rotation of 
15 the blade radially mounted with respect to a blade rotation axis, said removal taking place 
through an outlet channel or opening to environment embodied in the blade at the side of its 
end. 

Air can be pumped out from the branch channels by means of a suction member, for 
example, a fan or an ejector. 

20 Air can be blown into the vortex-like air flow in an annular channel of cavities. 

Control of the air suction can be carried out by mounting air flow control members at 
outlets of cavities and central bodies or at outlets of branch channels. 

Accordingly to another aspect of the invention said problem is solved in a method for 
increasing a blade performance, wherein there are the steps of producing a blade in the form 

25 of a wing, and on a side opposite to an incoming air flow, carrying out the boundary layer 
suction through a system of slotted holes, said blade being provided with a thick airfoil 
profile, the air suction being carried out through the system of the slotted holes embodied 
along the blade and into cavities embodied under said holes along the latter to generate a 
vortex-like flow by the incoming air flow in said cavities, carrying out the air suction from the 

30 cavities through branch channels, and discharging air from the branch channels outside of the 
blade, wherein the flowing-off of the air flow along the cavities and along the blade is limited 
within the cavities by mounting partitions and on an external surface of the blade - by 
mounting ribs. 

Air can be sucked out fi-om a branch channel by centrifugal forces and the pressure 
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difference created in such a case between the shank and end of the blades during rotation of 
the radially mounted blades about a shaft, said suction taking place through an outlet channel 
or opening embodied in the blades at the side of their end. 

Air can be sucked out from the branch channels by means of a suction member, for 
5 example, a fan or an ejector. 

Air can be blown into the vortex-like air flow going into cavities. 

Control of the air suction can be carried out by mounting air flow control members at 
outlets of cavities or branch channels. 

The analysis of the blade operation shows that, when the air flow passes around the 
10 blade airfoil profile, a flow with a positive pressure gradient is realized at the blade surface on 
the side of the incoming flow closer to the trailing edge of the blade, said positive pressure 
gradient flow preventing the air motion within a region of the boundary layer where velocities 
are relatively small. The result of such an action can be break of flow from the surface in the 
trailing edge of the blade and consequently significant increase in the aerodynamic resistance 
15 of the blade section at reduction in the lift force. 

To improve aerodynamic characteristics of the blade section, it is possible to enhance 
a velocity of air that passes around the blade surface on the side of the incoming flow. One 
way to accelerate the air flow that passes around this wing surface is to suck the boundary 
layer which allows the flow to overcome the positive pressure gradients without break of flow 
20 at a curvilinear upper (in case of a helicopter rotor) surface of the blade. 

Embodiment of the blades with the above-mentioned system of cavities — that include 
central bodies - and branch channels allows significant reduction in energy expenditure for 
suction of the boundary layer, and as a consequence, improvement in aerodynamic blade 
characteristics accompanied with increase in the lift force created by the blade. Further 
25 functionality concerning with energy expenditure reduction is accomplished due to limiting 
the longitudinal overflow of the sucked air along cavities and limiting the air flow along 
external surfaces of the blades. 

There are two possible ways of production of a low pressure in the branch channels. It 
is economically profitable to use the centrifugal force that acts to the sucked air within the 
30 branch channels to create conditions for sucking said air from the cavities and central bodies. 
If the centrifugal force is insufficiently, it may be reasonable to carry out the forced air suction 
from the branch channels, for example, using a fan, an ejector or any other suction member. 

Brief Description of Drawings 

Figure 1 illustrates a cross section of a rotor blade. 
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Figure 2 illustrates a cross section of a cavity provided with a central body, and a 

diagram of air flows- 
Figure 3 illustrates a view of a blade from a side of slotted holes provided with ribs 

that limit the flowing-off of the air flow along the blade. 
5 Figure 4 illustrates a cross section of a blade according to its second embodiment. 

Best Method of Carrying Out the Invention 

In realization of a method of operation, blades (or vanes of turbine or fan and etc.), 
that is the same in the present case) 1 are radially mounted around a shaft 2 of a rotor 3. A 
blade 1 is produced in the form of a wing with a thick airfoil profile, and a vortex system for 

10 controlling a boundary layer, comprising slotted holes 4 embodied along the blade, is 
provided on a surface of the blade 1 - on a side opposite to an incoming air flow. Cavities 5 
are embodied under said holes 4 along the latter, each cavity being provided (or not provided 
- depending upon an embodiment of the blade) with a central longitudinal hollow body 6 
forming an annular channel 7 in each cavity to generate a vortex-like flow by the incoming air 

15 flow in said channel. Discharge of the sucked medium from the cavities 5 and the central 
bodies 6 is carried out by means of branch channels 8 that may be in communication with 
environment or a suction member. Partitions (not shown) that divide a cavity 5 into several 
portions are mounted within the cavities 5. Ribs 9 are mounted at an external surface of the 
blade 1 along the incoming flow (see Figure 3). 

20 The branch channels 8 that may be in communication with a suction member, for 

example, a fan or an ejector (not shown in the drawings), or with envirormient on a side of an 
end 10 of the blade 1, or its shank 1 1 (see Figure 3). 

Air flow control members (not shown in the drawings) can be mounted at outlets of 
the cavities 5 and the central bodies 6 or at outlets of the branch channels 8. 

25 In operation, the blades 1 mounted radially around the shaft 2 are driven into rotation. 

The boundary layer suction is carried out through the system of the slotted holes 4 and 
through the cavities 5 embodied under said holes 4 along the latter, each cavity being 
provided with a central longitudinal hollow body 6 (for the second embodiment, see Figure 4, 
the cavities have no central bodies), said suction taking place at the blade surface on the 

30 opposite side with respect to the incoming air flow. As a result, the incoming air flow 
generates a vortex-like flow in each cavity 5 or in its annular channel 7. The air suction from 
the cavity 5 and the central bodies 6 is carried out through the branch channels 8 wherefrom 
the air is sucked and discharged outside of the blades 1 . The flowing-off of the air flow along 
the cavities 5 and along external surfaces of the blades 1 is limited within the cavities by 
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mounting partitions with a predetermined spacing, and on the external surface of the blade - 
by mounting ribs 9 with a predetermined spacing. 

If intensification of operation is necessary, air may be blown into the vortex-like air 
flow of the cavity 5. 

5 Control of the boundary layer suction mode can be carried out by mounting air flow 

control members at outlets of branch channels 8 or at outlets of cavities 5 and central bodies 6. 



